INTRODUCTION 5 1
Türkkahraman & Gökalp, 2004) . Similarly, research results on the attractiveness of facial profile 1 0 5 sexual dimorphism are also in line with some findings of studies of en-face facial morphology. In 1 0 6 particular, higher femininity of both male and female facial profiles was found to be associated with 1 0 7 higher facial attractiveness (Swaddle & Reierson, 2002; Valenzano et al., 2006) and, at least in men, 1 0 8 also with lower perceived dominance (Swaddle & Reierson, 2002) . 1 0 9
The agreement between results obtained by en-face and facial profile studies implies that 1 1 0 lateral and frontal measures of averageness and sexual dimorphism should be correlated. Such a view 1 1 1 corresponds with anatomical and developmental analyses which show that horizontal, vertical, and 1 1 2 anteroposterior craniofacial dimensions are interrelated (Enlow, 1990) . On the other hand, faces are 1 1 3 complex and multi-trait body parts that cannot be studied as one developmentally homogenous 1 1 4 structure. Indeed, the morphogenesis of particular facial characteristics is subjected to genetic, 1 1 5 epigenetic, environmental, and even functional influences (Claes et al., 2014; Enlow, 1990 ; 1 1 6
Hallgrimsson, Mio, Marcucio, & Spritz, 2014; Liu et al., 2012) . Multilevel interactions between these 1 1 7 factors result in a considerable morphological diversity of particular facial features and faces as a 1 1 8 whole (Enlow, 1990; Hallgrimsson et al., 2014) . At least in theory, therefore, measurements of 1 1 9 seemingly identical qualities from frontal and lateral perspective could be uncorrelated or correlate 1 2 0 only weakly. In fact, a three-dimensional computer tomography study of human skulls had shown that 1 2 1 mutual relations between the size of different facial structures can be complex, and a straightforward 1 2 2 anticipation of correlation between traits dimensions is not necessarily justified (Wang, Otsuka, 1 2 3 Akimoto, & Sato, 2013). 1 2 4
To our best knowledge, only one study analysed directly the association between frontal and 1 2 5 lateral markers of facial attractiveness, such as averageness and sexual dimorphism. Using frontal and 1 2 6 lateral facial photographs of the same individual and applying geometric morphometric to analyse 1 2 7 facial morphology, Danel, Dziedzic-Danel, and Kleisner (2016) found that neither individual 1 2 8 expression of frontal averageness nor frontal sexually dimorphic traits are correlated with their lateral 1 2 9
counterparts. The absence of statistically significant correlations between frontal and lateral 1 3 0 measurements was found in both male and female faces. However, the sample of facial pictures used 1 3 1 by Danel et al. (2016) was relatively small and limited only to one population, namely adult 1 3 2
Caucasians of Polish origin. These shortcomings, jointly with the absence of other studies on 1 3 3 interrelations between frontal and lateral markers of facial attractiveness, do not allow for a 1 3 4 generalization the findings of Danel et al. (2016) or an extrapolation of this study's conclusions to 1 3 5 different populations. 1 3 6
In the current study, we address the abovementioned limitations and replicate Danel's et al. 1 3 7 (2016) study using a larger and more ethnically diverse sample, which includes participants from the 1 3 8
Czech Republic (Europe), Cameroon (Africa), and two South American countries: Brazil and 1 3 9
Colombia. More specifically, we analyse correlations between frontal and lateral measures of 1 4 0 averageness and individual expression of sexually dimorphic traits in these four different populations 1 4 1 from different parts of the world. We started by testing whether frontal and lateral views provide These particular studies were approved by the Institutional Review Board of Charles University, 1 5 0
Faculty of Science (for the data collection in Brazil -2011/7, for the data collection in Cameroon and 1 5 1 the Czech Republic -2014/10) and the Institutional Committee on Research Ethics, El Bosque 1 5 2 University (for the data collection in Colombia -2016/2). All participants provided a written informed 1 5 3 consent prior to participating in the study. Morphometric data of frontal and lateral images were 1 5 4 analysed anonymously. decided to use always the same, namely left, facial profile. Although facial photographs were collected 1 6 5 by different authors, they followed a standardised procedure (Třebický, Fialová, Kleisner, & Havlíček, 1 6 6 2016). As stated above, our dataset is highly ethnically diverse, since it includes individuals from one 1 6 7
European, one African, and two ethnically mixed South American countries. Facial frontal and profile configurations of landmarks were superimposed by a generalised 1 7 7
Procrustes analysis (GPA) using the 'gpagen' function implemented in the geomorph package in R 1 7 8
(Adams & Otárola-Castillo, 2013). GPA standardized the size of the objects and removed rotational 1 7 9
and translational effects in order to minimize distances between homologous landmarks. The 'gpagen' 1 8 0 function was also used to align sliding semilandmarks by means on the minimum bending energy 1 8 1 criterion. 1 8 2
For each set of faces we run separate GPA and computed the mean configuration (consensus). 1 8 3
The Procrustes distances between the consesus and each configuration in the set was computed and 1 8 4 8 used as a measure of individual averageness A higher facial averageness score thus indicates closer 1 8 5 proximity of a configuration to the mean shape. 1 8 6
To assess the level of individual expression of facial traits responsible for sexual shape 1 8 7 dimorphism (SShD), i.e., the degree of maleness/femaleness as suggested by Mitteorecker et al. 1 8 8
(2015), we determined the position of an individual facial shape along the axis between male and 1 8 9 female mean shapes (Mitteroecker et al., 2015; Valenzano et al., 2006) . This position can be 1 9 0 numerically expressed by continuous scores of ordination constrained by sex, i.e., by projecting 1 9 1 individual facial configurations onto the vector between the average female and male face. Since the individual scores of facial metrics did not meet the statistical requirement for normal 1 9 5 distribution, we performed correlational analyses using nonparametric methods. Relationships 1 9 6 between frontal and lateral facial configurations were investigated using Kendall's Tau correlation 1 9 7 coefficient for measurements of both averageness and sexual shape dimorphism. Comparisons of 1 9 8 correlation coefficients obtained for a pooled sample of men and women were carried out using 1 9 9
Fisher's transformation for Kendall's Tau coefficients according to Walker (2003) and Zar (1999) . All 2 0 0 these tests are two-tailed. Correlations between frontal and lateral facial shapes for averageness and individual expression of 2 0 4 sexually dimorphic traits (maleness/femaleness) are summarised in Table 1 . When shape coordinates 2 0 5 for all samples were pooled together across countries but separately for men and women, averageness 2 0 6 showed a significant frontal/lateral association only in women (Fig 1) . A formal comparison of sex 2 0 7 differences in the correlation coefficients confirmed that the association between frontal and lateral 2 0 8 facial averageness is significantly stronger in women than in men (Z = 4.11, p < .0001). On the other hand, the association between frontal and lateral individual expression of sexual 2 1 4 shape dimorphism was significant in the pooled samples of both men and women (Fig 1) . The strength 2 1 5 of the correlation was comparable for both women and men, and difference between the correlations 2 1 1 1
In general, female faces showed a higher degree of correlation between frontal and lateral 2 3 3 configuration for both averageness and individual expression of sexually dimorphic shape features 2 3 4 than men. An exception was the Colombian sample, where correlation coefficients for measures of 2 3 5 sexual shape dimorphism was higher for men than for women. Using data from four populations from different parts of the world, we examined whether profile and 2 4 0 lateral configurations correlate in individual expression of averageness and sexually dimorphic 2 4 1 characteristics of facial shape (maleness and femaleness). In general, we found that individual 2 4 2 expression of profile and frontal sexual dimorphism is moderately correlated in both men and women. 2 4 3
The strength of these associations does not differ between men and women. Correlations between 2 4 4 frontal and lateral averageness did, however, reveal some profound differences between the sexes: 2 4 5 while in women, averageness of enfaces was significantly associated with averageness of profiles, no 2 4 6 such correlation was found in men.
4 7
Analyses performed separately for particular populations showed a similar trend but the 2 4 8 association was significant only in some cases: while frontal and lateral averageness were significantly 2 4 9 correlated in Czech and Cameroonian women (and not related in other groups), frontal and lateral 2 5 0 measures of sexual shape dimorphism were significantly associated in Czech and Brazilian women 2 5 1 and in Colombian men. The observed absence of homogenous pattern in particular samples might be 2 5 2 due to the relatively small sample sizes of the particular analysed populations. 2 5 3
The current results, which show significant correlations between frontal and lateral facial 2 5 4 configurations, are in line with ontogenetic analyses indicating that various facial structures are 2 5 5 developmentally interrelated (Enlow, 1990) . Our results are also in agreement with facial 2 5 6 attractiveness studies which show that frontal and lateral facial averageness and sexual dimorphism 2 5 7 may exert congruent effects on the facial beauty of individuals (Swaddle & Reierson, 2002; Valentine 2 5 8 et al., 2004; Valenzano et al., 2006) . Nonetheless, it should be noted that the correlations found in our study are at most moderate. 2 6 0
This indicates that the spatial development of complex facial configurations, such as frontal and lateral 2 6 1 facial averageness (e.g. Claes & Shriver, 2014; Enlow, 1990; Hallgrimsson et al., 2014; Liu et al., 2 6 2 2012) , may be influenced by various factors. A possible explanation of the only moderate correlations 2 6 3 between lateral and frontal facial structures might be that faces show a higher phenotypic variation and 2 6 4 lower between-trait correlation that other parts of the human body. It has been proposed that this 2 6 5 morphological diversity could be the consequence of human sociality and selection pressures on 2 6 6 identity signalling facilitated by facial recognition in complex social systems (Sheehan et al., 2014) . 2 6 7
However, even if individual recognition and discrimination does play a role in the 2 6 8 development of highly variable and loosely related frontal and lateral facial morphology, it does not 2 6 9 explain why these correlations are generally weaker in men than in women. We propose that these sex 2 7 0 differences between women and men may reflect differences in the information conveyed by male and 2 7 1 female faces. Previous studies of multimodal signalling show that vocal and facial attractiveness are 2 7 2 often correlated in women (Feinberg et al., 2005; Penton-Voak et al., 2001) , while in men the evidence 2 7 3 is more ambiguous (Lander, 2008; Oguchi & Kikuchi, 1997 Differences between the sexes in frontal-lateral correlation in averageness can be explained by 2 8 7 the fact that female faces are under a strong intersexual and intrasexual selection pressure for physical 2 8 8 attractiveness (Buss et al., 1989; Fisher, 2004; Hatfield & Sprecher, 1995; Li, Bailey, Kenrick, & 2 8 9 Linsenmeier, 2002) . Because faces closer to the average are commonly seen as more attractive (Little 2 9 0 et al., 2011), information provided by women's frontal facial structures may be further reinforced if 2 9 1 the profile morphology is also closer to an average shape. In men, however, selection pressure on their 2 9 2 facial morphology is weaker, because other modalities -such as voice pitch, social status, career 2 9 3 prospects, and access to resources -determine the overall mate value of the individual and affect 2 9 4 women's preferences (Buss et al., 1989; Feingold, 1992; Hatfield & Sprecher, 1995; Li et al., 2002; 2 9 5 Saxton, Mackey, McCarty, & Neave, 2016) . A lower correlation between frontal and lateral measures 2 9 6 of facial averageness in men may imply that the two facets of averageness carry non-redundant 2 9 7 information (possibly due to lower selection pressure on averageness of male faces). In the case of 2 9 8 sexual shape dimorphism, frontal morphology correlates with lateral in both sexes, which suggests a 2 9 9 redundancy of information conveyed by profile and lateral facial configurations. This could be 3 0 0 because sexual dimorphism is an important facial cue in both sexes, and facial features associated with 3 0 1 sex-typicality are under intersexual and/or intrasexual selection pressure in both men and women 3 0 2 (Fink, Klappauf, Brewer, & Shackelford, 2014; Puts, 2010; Scott et al., 2013) . 3 0 3
Multiple signalling theory, which predicts that depending on the redundant and non-redundant 3 0 4 character of a signal the same or different information can be conveyed by different features (Wells, 3 0 5
Dunn, Sergeant, & Davies, 2009), offers an appropriate framework to interpret the presence or absence 3 0 6 of correlations observed in the current study. Our study did not, however, test any explicit hypotheses 3 0 7 which could be derived from this general theory. Future research could address this issue by, for 3 0 8 instance, investigating whether the qualities of individuals predicted based on frontal images are in 3 0 9 agreement with analogous assessments made on the basis of facial profiles. As in the current 3 1 0 examination, implementation of such studies in cross-cultural settings may also provide a broader and 3 1 1 more universal perspective on factors which might influence the appearance and perception of various 3 1 2 facial cues. Newman, 2013). Such numbers of men and women were obtained when data from the four 3 1 8 populations were pooled together, which also implies that results from the separate populations should 3 1 9 be interpreted with a degree of caution. Furthermore, in this study only left profile pictures were taken. 3 2 0
Faces are not, however, perfectly bilateral (Danel & Pawlowski, 2007; Farkas & Cheung, 1981 ; 3 2 1 et al., 2004) , and analyses of correlations between frontal and lateral faces should therefore 3 2 2 be replicated also with right profiles. 3 2 3
Simmons
In conclusion, the current cross-cultural study examined interrelations between frontal and 3 2 4 lateral configurations of averageness and sexual shape dimorphism, two commonly accepted markers 3 2 5 of facial attractiveness. Results show that measures of frontal and lateral shape dimorphism are 3 2 6 moderately correlated in both men and women. A similar moderate correlation was observed in frontal 3 2 7 and lateral facial averageness in women but not in men. The framework provided by multiple 3 2 8 signalling theory may help explain the observed interrelations, but further research focused 3 2 9 specifically on the redundant and non-redundant signalling roles of traits associated with lateral and 3 3 0 frontal averageness and sexual shape dimorphism is needed. 3 3 1 3 3 2 ACKNOWLEDGEMENTS 3 3 3
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